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Abstract: The Eastern Anatolian Fault Zone (EAFZ), having a prominent place in the tectonic evolution of the Eastern Mediterranean,
is a structural element of tectonic indentor due to the convergence between the African-Arabian plates and the Eurasian Plate. This
study investigates the central part of EAFZ between Doğanyol (Malatya) and Çelikhan (Adıyaman). The geometry of the fault and the
morphotectonic structures were determined by the field studies. Moreover, fault-slip data are measured according to the fault planes
along the deformation zone for paleostress analysis. The paleostress analysis revealed three deformation phases that developed from
the Late Eocene to the present due to the convergence between the Arabian Plate and the Anatolian Block. The first deformation phase
is characterized by NW-SE compressional stress between Late Eocene and Late Oligocene periods. The second deformation phase is
related to N-S compressional stress from the Middle Miocene to Pliocene. The most recent deformation phase shows the strike-slip
faulting under the NNE-SSW compressional stress from the Late Pliocene to the present. The EAFZ developed during the last phase
of these deformation stages. In addition, elongated ridges parallel to the fault, sinistral offsets of drainage networks, linear valleys, and
fault terraces observed along the segment show that the study area exhibits active tectonic morphology of the EAFZ. The distribution of
seismic activity that occurred during and after the recent mainshock (24 January 2020, Sivrice-Doğanyol earthquake) is compatible with
the geometry of the segment and confirms strongly the active tectonics of the segment.
Key words: East Anatolian Fault Zone, paleostress analysis, deformation phase, Sivrice-Doğanyol earthquake

1. Introduction
Continental convergence zones bring about fold and
thrust belts that accommodate the shortening and
thickening of the crust. Continuous convergence
leads to intracontinental deformation when the two
continents collide along a suture due to the fact that they
cannot subduct constantly (McKenzie, 1969). Since the
continental plate boundaries have low shear strength, the
affected area of the deformation is broad and scattered
compared to the oceanic plate boundaries (Isacks et al.,
1968; McKenzie, 1969; Şengör et al., 1985). Collision
and postcollisional convergence lead to the development
of complex structure, especially in the hinterland
(Figure 1a). Transcurrent faults on different scales are
major structural elements affecting the intracontinental
deformation (Şengör et al., 1985). To understand this
complex structure in the orogenic belts where devastating
earthquakes have occurred, the deformation processes
and structures formed in this area must be well known.
Especially, transcurrent faults with distinct morphological
features are prominent structures in representing the
tectonic regime and deformation stage within the orogenic
belts (Keller and Pinter, 2002).

The Eastern Mediterranean is a natural laboratory
shaped by the intracontinental convergence between the
Arabian and Eurasian plates. The indentation tectonic
between the Arabian Plate and Anatolian Block has led to
the complex tectonic frames in eastern Turkey because of
fold-thrust belts and strike-slip fault systems (Figure 1b).
The Anatolian block escapes westward along the dextral
North Anatolian and sinistral East Anatolian fault zones
from these strike-slip fault systems, which is a product of this
collision (Şengör et al., 1985). Many destructive earthquakes
developed in the historical and instrumental period on
these transcurrent fault zones that controlled the majority
of the intracontinental deformation. East Anatolian Fault
Zone (EAFZ), lying from Karlıova triple junction to the
Mediterranean, is a prominent component of indentation
and escape tectonics at the eastern Mediterranean. The
NE-SW trending fault zone exhibits significant stepover
and bend structures affecting morphology (Arpat and
Şaroğlu, 1975; Barka and Kadinsky-Cade, 1988; Herece,
2008; Duman and Emre, 2013). In this study, we investigate
the central part of the EAFZ between Doğanyol (Malatya)
and Çelikhan (Adıyaman) (Figure 2). The Sivrice (Elazığ) –
Doğanyol (Malatya) earthquake with Mw: 6.8, occurred on
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Figure 1. a) Possible kinematic design at indenting convergent boundaries, b) tectonic outline of Turkey and surroundings (modified
from Bozkurt, 2001).

January 24, 2020, increased the importance of this part of
the fault zone.
Although the EAFZ has been studied in many aspects
such as its geometry, segmentation, seismicity, slip rate
and age (Ambraseys, 1971; Arpat and Şaroğlu, 1972;
McKenzie, 1976; Jackson and Mckenzie, 1984; Şengör
et al., 1985; Muehlberger and Gordon, 1987; Barka ve
Kadinsky-Cade, 1988; Taymaz et al., 1991; Lyberis et al.,
1992, Şaroğlu et al., 1992; Nalbant et al., 2002; Herece,
2008; Bulut et al., 2012; Duman and Emre, 2013; Tan and
Eyidoğan, 2019), the structural analysis studies based on
slip data of the faults and earthquakes to determine the
deformation stages are quite limited (Yılmaz et al., 2006;
Köküm and İnceöz, 2018). This study aimed to analyze the
structure and morphology of the central part of the EAFZ
using field observations and remote sensing data (Digital
Elevation Model-DEM). Within this framework, the
principal purpose of this study is to reveal the kinematic
analysis and deformation stages of the central part of the

EAFZ based on fault slip data measurements. In addition
to kinematic analysis, morphological observations along
the segment were used for the interpretation of active
tectonics. Furthermore, another purpose is to associate the
results of kinematic analysis with the modern stress states
obtained from earthquake focal mechanism solutions and
the regional tectonic.
2. Tectonic and geological settings
2.1. Regional and active tectonic
The subduction and terminal closure processes along the
branches of the Neotethys Ocean constituted the tectonic
structure of Turkey in the Alpine-Himalayan system since
the Late Cretaceous. The southern branch of the Neotethys
Ocean formed the boundary between the Arabian plate
and Anatolian Block along the Bitlis Suture Zone (BSZ)
during the closure processes (Şengör and Yılmaz, 1981;
Şengör et al., 1985; Kaymakçı et al., 2010). The Eastern
Mediterranean is formed by the interaction between
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Figure 2. Location of the study area within the tectonic scheme of eastern Turkey. Segmentation of the East Anatolian Fault Zone and
other major structural elements in the region (Duman and Emre, 2013) with historical (Ambraseys, 1989; Ambraseys and Finkel, 1995;
Ambraseys and Jackson, 1998; Tan et al., 2008; Palutoğlu and Şaşmaz, 2017) and instrumental (AFAD) earthquake locations on the East
Anatolian Fault Zone.

the plates of Eurasia, Africa, Arabia, and the Anatolian
Block. The Eastern Mediterranean became established by
processes of subduction, asthenospheric flow and tectonic
collision that include tectonic escape (McKenzie, 1972;
Şengör et. al., 1985), slab pull (Jackson and McKenzie,
1988; McClusky et al., 2000; Faccenna et al., 2004, 2006;
Jolivet and Brun, 2010; Jolivet et al., 2013), slab tearing,
and slab-break-off (Piromallo and Morelli, 2003; Biryol et
al., 2011), and delamination (Piromallo and Morelli, 2003;
Mutlu and Karabulut, 2011; Göğüş et al., 2011). Turkey is
divided into four major provinces in these processes in the
neotectonic period. The neotectonic provinces are called
as follows: (i) the East Anatolian compressional region, (ii)
the North Anatolian region, (iii) the Central Anatolia ‘Ova’
region, and (iv) the west Anatolian extensional region
(Şengör, 1980; Şengör et al., 1985; Bozkurt, 2001).
At the present day, convergence between the Arabian
Plate and Anatolian Block, African subduction, and
Hellenic trench retreat is still ongoing. GPS velocity fields
show how the motion of the Aegean and Anatolian blocks
differs from the overall African-Eurasian convergence.
Their counter-clockwise rotation is enabled by the strikeslip North Anatolian Fault and Trough and the East
Anatolian Fault and increases towards the Hellenic trench
(Le Pichon and Kreemer 2010; Nocquet, 2012).
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EAFZ is a prominent intracontinental fault zone
located on the Arabian and East Anatolian plate borders
(McKenzie, 1976). The fault zone, about 580 km in length
and 1.5–25 km in width, displays sinistral strike-slip
faulting with direction between N50° and 80°E. Many
researchers (Arpat and Şaroğlu, 1972; 1975; McKenzie,
1976; Barka and Kadinsky-Cade, 1988; Şaroğlu et.al., 1992;
Herece, 2008; Duman and Emre, 2013) proposed different
geometry and segmentation for the East Anatolian Fault
Zone, based on the releasing and restraining bends/
stepovers, separations, and gaps along the fault zone.
Duman and Emre (2013) divided EAFZ into two branches
as northern and southern branches, and proposed 16
segments for the differentials of the fault geometry (Figure
2). Our study area is known as the Pütürge segment and
the Yarpuzlu restraining double bend (Duman and Emre,
2013). The central part of the EAFZ continues about
the 120 km of traceable length with an approximately
N60°E between Doğanyol (Malatya) in the northeast and
Çelikhan (Adıyaman) in the southwest. The segment varies
from transtensional to transpressional modes from east to
west due to its sinusoidal trend (Duman and Emre, 2013).
EAFZ, in which destructive earthquakes developed
in the historical period, is more silent than the North
Anatolian Fault Zone (NAFZ) with medium-magnitude
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earthquakes that occurred in the instrumental period
(Ambraseys, 1971; 1989). In terms of the historical
earthquakes associated with the EAFZ, Ambraseys
and Jackson (1998) stated that devastating earthquakes
occurred approximately 390 years of the recurrence
interval. 1875 (Ms 6.7) and 1905 (Ms 6.8) earthquakes
(Ambraseys 1988) might have occurred on the Pütürge
segment (Duman and Emre, 2013). Based on the damage
distribution of the epicenter of the earthquakes, 1875
(Ms: 6.7) and 1905 (Ms: 6.8) earthquakes occurred on
the eastern and the western end of the Pütürge segment;
respectively. The recurrence period of this devastating
earthquake series was disrupted by the 1905 Malatya
earthquake (M: 6.8) that occurred in the instrumental
period (Ambraseys, 1988; Ambraseys and Jackson, 1998).
Barka (1983) investigated the causes of the changes in
the direction of the fault along the NAFZ and suggested
estimation of the epicenter areas of destructive earthquakes,
emphasizing the importance of tectonic geomorphology.
He pointed out that the seismic risk might be high around
Pütürge-Karamemikler (Doğanyol) based on the graphical
relationship for forecasting epicentral areas of large
magnitude earthquakes according to the morphological
criteria. Based on the striking change of the fault zone in
this area, he stated that the Pütürge segment produced
an earthquake of M: 7.6 magnitudes. The 24.01.2020
Sivrice (Elazığ) - Doğanyol (Malatya) earthquake (Mw:
6.8 from AFAD) caused devastating damage in the
northeastern part of the study area and Elazığ city center.
The aftershocks of this earthquake concentrated on the
northeast and southwest ends of the segment. While the
distribution of seismic activities along the Euphrates River

38.50 N

offset shows a narrower line, the seismicities occurring in
the southwest (especially along the Şiro valley) reflect the
scattered fault geometry and broader deformation zone
(Figure 3). The recent seismicities are very significant in
terms of reflecting modern stress states and comparing
them with our paleostress results.
2.2. Tectono-stratigraphy of the fault segment and the
surrounding
The stratigraphy of the study area is composed of
different units ranging from Precambrian to recent. The
metamorphic massifs and ophiolitic mélanges are known
as the allochthonous units in the region. The deformations
that are effective in the region lead to the emplacement
of allochthonous units. Deposition of the autochthonous
units began when deformations lose their influence
gradually.
In this region, the sedimentary units are overthrusted
by the allochthonous units such as the nappe cover in three
different deformation stages. The first deformation phase
during the Late Cretaceous gave rise to Upper Cretaceous
ophiolitic mélanges (Koçali and Guleman complex) and
Mesozoic metamorphics (Malatya metamorphic massif)
emplacement over the Pütürge metamorphic massif. The
metamorphic massifs (Malatya and Pütürge metamorphic
massifs) that form the second nappe cover overtrust the
Upper Cretaceous ophiolitic mélanges and complexes
from the Middle Eocene due to the ongoing northsouth convergence. The metamorphic massifs, ophiolitic
mélanges, and volcanic complex (Maden complex), which
form the last nappe cover, settled on the autochthonous
units related with the collision in the Middle Miocene
(Perinçek, 1979; Yiğitbaş and Yılmaz, 1996; Kaymakçı
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et al., 2010). The autochthonous units ranging from the
Upper Cretaceous to the Holocene were deposited in the
deformation discontinuation and covered the nappe stacks
uncomfortably (Figure 4).
The EAFZ passes through between Pütürge
metamorphic massif and Plio-Quaternary terrestrial
units or alluvium in the northeast of the study area.
Southwestwardly, the fault zone act on the Maden
complex, Malatya and Pütürge metamorphic massifs.
The autochthonous units with the Eocene to Miocene
aged are overthrusted by the allochthonous in the south.
Measured geological offsets of lithologic contact affected
by the faults are prominent in the activity of the segment.
Herece and Akay (1992) proposed a 9 km geological offset
at the basement rock (between Pütürge massifs and Maden
complex) along the Euphrates river valley for this segment.
3. Methodology
3.1. Structural and morphological data collection with
field and remote sensing studies
We synthesized structural, geological, and morphological
observations with a paleostress analysis. Paleostress
analysis was carried out to reveal the different deformation
stages that the fault had undergone since its formation. For
paleostress analysis of fault populations, it was necessary
to measure fault parameters (strike&dip of fault plane,
slickenlines, and sense of motion) from the sites at field
studies. Although many fault planes were measured in
the study area, only safe planes that gave the sense of

fault slip were used for paleostress analysis. Slickenlines,
chatter marks, calcite fibers on the fault planes were quite
important kinematic indicators to determine the sense
of the slip (Figure 5a). As a result of field studies of two
years, 212 fault slip data, which determined the sense of
the movement along the slickenline, were measured at 16
sites for the paleostress reconstruction. In this study, the
Win-Tensor program (version 5.8.9; Delvaux and Sperner,
2003) was used to calculate the stress states. In addition,
fold axis, horizontal and vertical displacements, the
juxtaposition of different units, cross-cutting relationships,
and reactivations/inversions (Figure 5b) observed on the
fault planes were other significant criteria for designating
the deformational stage. Moreover, 30m × 30m (1.5 arc
second) resolution Shuttle Radar Topographical Mission
(SRTM from Reuter et.al., 2007; Jarvis et.al., 2008) data,
10 m resolution digital elevation models (DEMs) and
instrumental earthquake locations (M > 4.0, from the
Ministry of Interior Disaster and Emergency Management
Presidency-AFAD) were used to determine the tectonic
lines. This remote sensing data provided great benefit
before the field studies. In addition, morphotectonic
structures were marked with the help of remote sensing
data and morphological observations (elongated ridges,
deflected streams etc.) on 1: 25000 scale topographic
maps. Linear valleys, triangular surfaces, sinistral offsets
of drainage networks and lithological borders, elongated/
pressure ridges observed along the fault segment display
the active tectonic morphology, and also they were
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overprinted slickenlines on the fault plane show the different deformation stages.

prominent indicator for structural and morphological
analysis.
3.2. Stress inversion method
The lithospheric stress fields in the region can cause brittle
deformation in the upper part of the earth’s crust and also
the development of fracture systems depend on the type
of rock. Anderson (1905; 1951), connecting the direction
and slip sense of a fault to the lithospheric stress field,
stated that the neoformed fault plane or intersections of
the neoformed conjugate faults give the location of the
intermediate principal stress (σ2). According to Anderson’s
fault classification, the bisector of the acute angle and the
obtuse angle between the conjugate faults gives the location
of the maximum (σ1) and minimum (σ3) principal stress,
respectively (Anderson, 1905). In Anderson’s model, the
Earth’s surface is a free boundary where no shear or normal
stress occurs and one of the principal stress axes of the
stress tensor is close to the vertical and consequently the
other two are almost horizontal except in cases of stress
disturbance due to heterogeneity, structural weakness or
topography (Simpson, 1997). The Wallace-Both hypothesis
(Wallace, 1951; Bott, 1959), which was developed with
the Anderson’s view that the orientation and sense of the
fault slip is controlled by lithospheric stresses, formed
the basis of modern paleostress analysis. According to
this hypothesis, slickenlines [slip (si) lineation] along
the fault plane is accepted as representing the direction
and orientation of the effective resolved shear stress (ti)
on this fault plane. In addition, Wallace-Bott hypothesis
need to uniform stress tensor, planar faults, isotropic and
homogenous rocks, no continuous deformation in the
fault blocks, no block rotation and no stress perturbations
occur along the fault planes.
As a result of the method determining stress tensors
(stress inversion), the principal stress axes (σ1 > σ2 > σ3)

and stress ratio (R = (σ2- σ3) / (σ1- σ3), 0 < R < 1) are
calculated (Angelier, 1984; 1990). The stress ratio (R), with
a value between 0 (σ2 = σ3) and 1 (σ1 = σ2), determines
the shape of the deviatoric stress ellipsoid (Angelier, 1994).
Therefore, it is necessary to determine the direction and
type of slip in field studies for paleostress evaluations.
In this study, the Win-Tensor program (version 5.8.9;
Delvaux and Sperner, 2003) was used to calculate the
principal stress axes (σ1 > σ2 > σ3) and stress ratio (R). In
this context, the F5 module of the Rotational Optimization
Method based on the Wallace-Bott hypothesis (Delvaux
and Sperner, 2003) was applied on a total of 212 faultslip data measured from fault planes at 16 sites. However,
first, the Right Dihedron Method was used to estimate
four parameters approximately. After that, the Rotational
Optimization Method was applied to the preliminary data
obtained from the Right Dihedron Method. Moreover,
the stress regime index R′ was calculated to determine
the stress regime numerically. R′ = R when there is an
extensional stress regime (σ1 is vertical), R′ = 2 − R when
there is a strike slip regime (σ2 is vertical) and R′ = 2 + R
when there is a compressional stress regime (σ3 is vertical)
(Delvaux et al., 1997; Delvaux and Sperner, 2003). When
the misfit angle between computed and observed is within
the 30° limitation, we can obtain the best fit solution in
the Rotational Optimization Method (Delvaux, 2011). For
stress inversion, it is possible to use not only faults with
slip lines (slickensides) but also fractures (tension, shear,
and compressional) and focal mechanisms (Delvaux and
Sperner, 2003).
4. Results
4.1. Morphotectonic features of the segment
Morphological analysis was significant in that the strikeslip regime displayed morphological prosperity to
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understanding active tectonics. Pütürge segment and
the Yarpuzlu restraining double bend had numerous
morphotectonic features showing the neotectonic activity
of the fault. The segment did not display the same faulting
geometry, patterns, and characteristics along its entire
length morphologically. The differences in the fault
direction led to the variable morphotectonic features along
the segment.
The northeast end of the segment shows restraining
bend geometry with N55–70°E directions dipping to the
NW, based on field observations (Figure 6a). This change
in direction caused the development of elongated ridges
parallel to the fault (Figure 6b). Moreover, the tectonic
regime in the part of the segment was dominantly strikeslip motion with a little normal slip component. The
northeast part of the segment had linear faulting with 13
km (a-a’) sinistral displacement along the Euphrates river
(Figure 6c) interpreted as related to Pliocene (Özdemir
and İnceöz, 2003) activity of the fault zone and exhibited a
relatively linear and narrow deformation zone.
The central part of the segment displayed a sinusoidal
trend, and isolated lens geometry developed at linking
damage zones (Kim et al., 2004) depended on the stress
states within the fault step or bend (Figure 7a). Although
the Şiro valley appeared to be a fault-controlled linear
valley in this part of the segment, the valley was bounded
by faults in both the northern and southern sides. The fault
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geometry exhibited by the segment in this part creates a
broader deformation zone compared to the northeast
end. The active tectonic was noticed by elevated fault
terraces (Figures 7b–7d) and nearly horizontal fresh fault
trace at the southern and northern sides of the valley,
respectively. Before the Babik River connects to the Şiro
valley, it is displaced 450 m left laterally by the fault branch
of the EAFZ (Figure 7e). A pressure ridge formed due
to the change in the direction of the fault along the Şiro
valley (Figure 7f). The long axis of this pressure ridge was
parallel to the fault branch. At the southwestern end of the
Şiro valley, small left-lateral displacements in the stream
channels and the fault plane displayed tectonic activity
(Figure 7g).
The southwest end of the segment interacted with
other significant tectonic structures, almost E-W trending
Bitlis Suture Zone and Sürgü fault. The southwest part
of the segment displayed the scattered deformation zone
and a transpressional character kinematically due to the
interaction relative to the other parts of the segment
(Figure 8a). The presence of pressure ridges and folds
pointed out the transpressional characteristics of the fault
branch in the southwest part of the segment. Moreover,
some pressure ridges (for example, Sincik Hill) were
rotated counterclockwise between fault branches (Figure
8b). A few hundred meters of left-lateral offsets along the
segment based on remote sensing studies interpreted as
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Figure 6. a) Morphotectonic map of the northeastern end of the study area, b) a-a’:13 km left-lateral offset of the Euphrates river, which
clearly shows the kinematic of the EAFZ c) linear track of the fault and pressure ridges developed parallel to the fault (while red lines
and arrows show the fault track and the movement of the fault respectively, the black line represents the long axes of the elongated ridge).
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Figure 7. a) Google Earth view of the Şiro valley with active faults and drainage network, b–d) fault terraces raised by faults bounding
the southern edge of the Şiro valley (the height of the fault terraces is from sea level), e) the sinistral offset of Babik river of about 450 m,
f) pressure ridge developed parallel to the fault, g) fault plane and the little sinistral offset of the river (while red lines and arrows show
the fault track and the movement of the fault respectively, the white line represents the long axes of the pressure ridge).

related to Holocene (Özdemir and İnceöz, 2003) activity of
the fault zone (Figure 8c). It is thought that the Holocene
offsets may have developed as a result of recent historical
earthquakes (1893 or 1905 historical earthquakes).
4.2. Paleostress analysis
The results of the paleostress analysis are given in Table,
and the direction of the stress axes are depicted in Figure
9. Paleostress analysis revealed two different types of
stress tensors under different stress regimes. Two different
stress tensors were determined as compressive and
strike-slip stress states. The fact that the thrust faulting is
prekinematic to the strike-slip faulting is evident from the
vertically oriented slickenlines of the thrust. In addition,
reverse faults are overprinted by horizontal-subhorizontal
pitch slickenlines resulted from strike-slip fault activity.
Sites with a misfit angle value close to 30 usually
showed the reactivated faults, while misfit angles with low
values indicated neoformed ones. Neoformed faults with
low misfit angle values represented the EAFZ.

Fault populations measured from sites 1, 4, 5, 6, 9A, and
11 developed under the compressional stress tensor where
σ3 was vertical. These compressional stress tensors varied
from pure compression stress regime (site 4, 5, and 6) to
radial stress compression (site 9A) and transpressional
stress regimes (site 1 and 11) according to R and R’ values.
The direction of the maximum horizontal stress (σ1) was
the NW-SE for the pure compressional and radial tectonic
regime generally affected on the Mesozoic and Eocene
aged rocks (Figures 10a–10c). This compressional stress
regime, which is especially effective in the southwestern
parts of the study area, led to the chaotic exposures
formed by folds and reverse faults. In addition, the fold
axes (NE-SW trending) were compatible with NW-SE
trending compressional stress (Figure 10d). Radial stress
regimes are the most concentrated at the end of faults and
terminations of the elongate structure. Paleostress results
of Site 9A measurements under the influence of at the tip
of the fault and pressure ridges showed the radial stress
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Figure 8. a) Morphotectonic map of the southwestern end of the study area, b) linear track of the faults and pressure ridges developed
parallel to the fault around the Çelikhan basin (white dashed lines represent the EAFZ and Sürgü fault), c) white dashed line and colorful
arrows show the track of the fault and sinistral offsets of the drainages around the east of the Çelikhan, respectively.

regime. The direction of the maximum horizontal stress
(σ1) was the NE-SW for the transpressional tectonic
regime.
Fault populations measured from sites 2, 3, 7, 8, 9B,
10, 12, 13, 14, 15, and 16 developed under the strikeslip stress tensor where σ2 was in vertical. Except for the
site 2&9B (transpressional stress regime) and the site 14
(transtensional stress regime), paleostress analysis of the
other sites was generally characterized by pure strike-slip
stress regime according to R and R’ values. Paleostress
result of fault populations at site 6 demonstrated NW-SE
trending compressional stress in older deformation stage.
Fault groups, developed under the NE-SW trending (site
2, 3, 10, 12, 13, 14, and 15) and about N-S trending (site
8, 9B and 16) compressional stress, showed that especially
the pure strike-slip regime was effective from Pliocene to
recent. The faulting mechanism in these sites showed that
the compressional stress regime under the N-S trending
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compressional stress regime gradually began to transform
into the recent strike-slip stress regime under the NNESSW trending compressional stress. The effect of the
strike-slip regime, which generally indicates the EAFZ,
was followed morphologically and tectonically throughout
the study area. The low rake angle on the nearly vertical
fault planes along the fault segment reflected the strike-slip
regime (Figures 11a–11c).
5. Discussions and Seismotectonic Interpretation
Structural features, fault geometry, morphology, tectonics,
and seismicity of the EAFZ have been examined in
numerous studies (Ambraseys, 1971; Arpat and Şaroğlu,
1972; McKenzie, 1976; Jackson and Mckenzie, 1984;
Şengör et al., 1985; Muehlberger and Gordon, 1987; Barka
ve Kadinsky-Cade, 1988; Taymaz et al., 1991; Lyberis et
al., 1992, Şaroğlu et al., 1992; Nalbant et al., 2002; Herece,
2008; Bulut et al., 2012; Duman and Emre, 2013; Tan
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Table. The results of the paleostress calculations and data of the measurement sites.
Site

Lat
(N)

Long
(E)

N

σ1
(P/D)

σ2
(P/D)

σ3
(P/D)

R

R’

Regime

α

Unit

1

38.07°

38.22°

12

16°/043°

10°/136°

71°/259°

0.21

2.21

TP

28.5

PzMzm Marble

2

38.03°

38.27°

10

27°/223°

35°/333°

44°/105°

0.06

2.06

TP

3.2

Q Terrestrial clastics

3

38.03°

38.27°

16

02°/253°

78°/352°

12°/163°

0.43

1.57

SS

9.6

Pzpme Schist

4

38.05°

38.33°

16

23°/301°

27°/044°

51°/177°

0.56

2.56

PC

17.2

Tem Volcanoclastics

5

38.11°

38.27°

14

23°/326°

25°/224°

55°/093°

0.61

2.61

PC

11.4

PzMzm Marble

6

37.97°

38.30°

12

24°/162°

03°/071°

66°/335°

0.41

2.41

PC

12.4

TRKko Mesozoic Complex

7

37.97°

38.30°

11

04°/098°

59°/195°

31°/006°

0.71

1.29

SS

2.3

TRKko Mesozoic Complex

8

38.06°

38.40°

14

19°/178°

70°/337°

07°/086°

0.28

1.72

SS

4.5

Tem Volcanoclastics

9A

38.05°

38.44°

12

22°/288°

08°/194°

67°/084°

0.75

2.75

RC

14.4

Tem Volcanoclastics

9B

38.05°

38.44°

10

34°/004°

51°/218°

17°/106°

0.22

1.78

TP

8.8

Tem Volcanoclastics

10

38.07°

38.50°

15

03°/201°

72°/102°

18°/292°

0.63

1.37

SS

7.9

Tem Volcanoclastics

11

38.05°

38.53°

10

14°/234°

16°/144°

76°/050°

0.15

2.15

TP

29.4

Pzpme Amphibolite

12

38.09°

38.60°

14

06°/020°

81°/245°

06°/110°

0.71

1.29

SS

9

Pzpme Amphibolite

13

38.14°

38.68°

14

15°/030°

74°/232°

06°/122°

0.27

1.73

SS

3.3

Pzpme Schist

14

38.14°

38.69°

10

28°/194°

62°/008°

03°/103°

0.82

1.18

TT

7.9

Pzpme Schist

15

38.23°

38.84°

11

24°/018°

64°/173°

10°/284°

0.42

1.58

SS

2.3

Q Terrestrial clastics

16

38.24°

38.84°

11

10°/349°

67°/104°

20°/256°

0.50

1.50

SS

29.3

Pzpme Schist

N: Number of measurements, D: Direction, P: Plunge, σ1, σ2, σ3: principal stresses (σ1 > σ2 > σ3), R: Stress ratio, R’: Stress regime index,
TP: Transpressive, SS: Pure Strike-Slip, PC: Pure Compressive, RC: Radial Compressive, TT: Transtensional, α: misfit angle.

and Eyidoğan, 2019). Paleostress analyzes have rarely
applied stress states in northern (Köküm and İnceöz,
2018) and southern (Yılmaz et al., 2006) parts of the
EAFZ by researchers based on fault slip data. This study
presented the results of the paleostress analysis applied
on the central part of the EAFZ. The obtained stress states
were revealed in three different periods with different
directions of compressional stress in the study area due
to the convergence between Arabian and Eurasian plates.
Moreover, morphological and seismic data show the
neotectonic activity of the segment.
The first deformation phase in the study area was
characterized by NW-SE trending compressional stress.
The effects of the deformation can be observed as folding
and faulting in the Mesozoic and the Eocene aged units.
This compressional stress in the NW-SE direction, which
had been effective from the late Eocene to late Oligocene,
caused the development of reverse faults (Figure 12a), folds
(Figures 12b and 12c), and shear fractures (Figure 12d)
within the Eocene terrestrial units at the southwest end of
the segment. Mylonitic zones (Figure 12e) were deformed
counterclockwise with the effect of subsequent strikeslip tectonic regimes. Paleomagnetic data compiled by
Livermore and Smith (1983) showed that the convergence
rate between African and Eurasian plates increased in the

late Eocene. In this compressional deformation phase at the
end of the Eocene, it was stated that the rate of subduction
decreased (Le Pichon and Gaulier, 1988), and the rate of
collision increased (Dercourt et al., 1986). The first effects
of the collision were observed in the southwest end of the
study area. At the south end of the study area, the Eocene
aged units and the compressional structures observed
within these units support the findings regarding the first
deformation phase. At the south end of the study area, the
Eocene aged terrestrial clastic units (Gercüş Formation)
support the compressional deformation phase (Perinçek,
1978). It is stated that the compressional stress caused by
the Arabian Plate increased to the north in the late Eocene
led to the formation of Ecemiş and Sürgü faults (Herece,
2008). NW-SE trending compressional stress, which
was effective at the end of the Eocene, may have caused
the formation of the Sürgü Fault. On the other hand,
according to the results of paleostress analysis carried out
in the northeast of the study area, an NW-SE directional
extensional stress was proposed from Middle Eocene to
Middle Miocene time interval (Köküm and İnceöz, 2018).
However, the synsedimentary normal faults in Kırkgeçit
Formation indicate that the areas in the north became
terrestrial later compared to southern parts. Although
the dominant type of stress is compressional stress tensor
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Figure 10. a) Reverse faults and folds developed within the Mesozoic complex (Koçali complex) under the NW-SE trending compressional
stress, b) view of the fault plane, c) paleostress analysis of the fault populations at the site 6, d) folding within the Mesozoic marble
(Malatya metamorphics) compatible with the NW-SE trending compressional stress (see the location in Figure 4).

due to the convergence between the Arabian and Eurasian
plates, local extensional stress field may occur in areas far
from the collision, especially in the northern parts.
The second deformation phase, characterized by
approximately NNW-SSE trending compressional stress,
became effective from the Late Miocene based on the
collision between Arabian Plate and Anatolian Block.

The deformation phase, which was effective on basement
rocks, is compatible with the Late Miocene-Early Pliocene
deformation stage of kinematic analysis performed on
the segment southwest of the study area by Yılmaz et al.
(2006). In addition, the most significant data in evaluating
this deformation phase in the Late Miocene-Early
Pliocene period is that the deformation did not affect the
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Figure 11. a) Pure strike-slip faulting developed within the Eocene aged complex (Maden complex) under the NE-SW trending
compressional stress, b) close view of the fault plane, c) paleostress analysis of the fault populations at the site 10 (see the location in
Figure 4).

Plio-Quaternary terrestrial units found unconformably
with the Pütürge metamorphics (Site 16). The conjugated
strike-slip faults in the site, which developed under
approximately N-S trending compressional stress field,
are dominantly strike-slip motion with a little reverse slip
component.
The last deformation phase, characterized by NNESSW trending compressional stress, caused the sinistral
EAFZ from the Late Pliocene. This deformation phase
usually affects the units of Pütürge metamorphics and
Maden Complex as well as causing the deformation of
Plio Quaternary units. However, kinematic data were
generally measured in units of the massive and complex
due to the loosely material of young units. Therefore, the
interpretation of the morphotectonic data is prominent
for evaluating the activity of the segment and dating the
paleostress analysis. In addition, morphometric analysis
performed throughout EAFZ shows that the segment
(Pütürge segment) of EAFZ within the study area is the
second most active segment (Khalifa et al., 2018). The
young fault terraces observed along with the Şiro valley
support that the faulting is the recent tectonic activity of
the segment.
The fault data could be measured from the PlioQuaternary terrestrial units at only sites 2 and 15. The
slip data on these sites reflect the nature of EAFZ, which
represented the last tectonic regime in the region. Especially,
loosely cemented young units at the southwest end of the
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study area display left laterally at site 2 (Figure 13a), and
fault branches deformed Plio-Quaternary deposits along
the EAFZ (Figure 13b&c&d). The southwestern part of
the study area from the vicinity of Sincik demonstrates
pure compression or transpressive stress regime with the
effect of the thrust belt and the Sürgü fault. At this part
of the segment, the NE-SW sinistral systems bend to an
approximately E-W direction, which inevitably has to be a
transpressive regime. The restraining bend structures create
the local compressional stress field. Therefore, we can see
that the low-stress ratio (R) for the transpressive regime
at paleostress analysis led to σ2/σ3 stress permutation.
The stress changes induced by variations in rheology are
large enough to modify the local tectonic behavior and to
produce permutations of principal stress axes. (Hu and
Angelier, 2004). The effect of this regime is evident in the
fault slip data with major reverse components.
The effect of EAFZ is usually observed on the weakness
zone between the Pütürge Massive and the Plio-Quaternary
terrestrial units in the northeast end of the study area.
Contrary to the southwestern end, the northeast end of
the segment is characterized by dominantly strike-slip
motion with a little normal component within the PlioQuaternary terrestrial units (Figure 14). INSAR studies
carried out after the Sivrice-Doğanyol earthquake also
confirm the vertical movement in the fault blocks (Tatar et
al., 2020). Also, a paleoseismological trench opened on the
rupture south of Ilıncak village after the Sivrice -Doğanyol
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Figure 12. Tectonic structures developed within the Eocene aged units under the NE-SW trending compressional stress a) reverse
faulting, b) folding with NE-SW trending fold axes, c) recumbent fold, d) reverse faulting and shear fractures, e) mylonitic zone in the
Mesozoic complex (see the location in Figure 4).

earthquake, 20 cm fall observed on the northwest block of
the fault showed a small vertical component (Kürçer et al.,
2020). This vertical component indicates that the negative
flower structure formed due to the extensional stress
proposed for the Hazar Lake (Aksoy et al., 2007) continues
in this area. Similarly, the morphology of this area reflects
the active tectonics of EAFZ. These morphotectonic
structures, such as elongated ridges, stream offsets,
linear valleys, etc., are prominent tectonic structures for
evaluating tectonic activity.
In addition, both the massive units and the PlioQuaternary units were deformed by the effect of EAFZ.
Moreover, the last deformation phase represented by
EAFZ is compatible with other kinematic studies (Yılmaz

et al., 2006; Köküm and İnceöz, 2018). The segment was
not developed in the form of a single rupture along the Şiro
valley. Many individual faults bordering the northern and
southern sides of the valley formed a deformation zone in
the width of the valley. The slickenlines, which are almost
parallel to the direction of the fault plane, indicate the
pure strike-slip regime from this location to the vicinity
of Sincik.
The southwestern end of the segment reflects the effect
of pure strike-slip and transpressional tectonic regimes.
The fault-slip data with reverse components support the
transpressive tectonic regime in this location. On the
other hand, reverse faults and folds with the strike-slip
faults in the southern part of the segment maintain typical
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Figure 13 a) Geological map showing left-lateral displacement of the Plio-Quaternary units in the vicinity of the Çelikhan (site 2). The
numbers represent the kinematic sites, b,c) outcrop view of fault branches developed in Plio-Quaternary deposits along the EAFZ, d)
fault plane of loosely cemented terrestrial unit.
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Figure 14. Strike-slip faulting with a little normal component developed within the Plio-Quaternary deposits under last deformation
phase (see the location in Figure 4).

characteristics of the transpressional stress regimes that
broad deformation zone including fault branches that
occurred strike-slip and a simultaneous component of

942

the shortening perpendicular to the fault plane (Saber et
al., 2021). The tangential component of the stress regime
is responsible for strike-slip displacements along the fault
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Figure 15. The view of the World Stress Map (obtained from earthquake focal mechanism) along the East Anatolian Fault Zone
(Heidhbach, 2016). NF: Normal Fault, SS: Strike-Slip Fault, TF: Thrust Fault, U: Unknown or Oblique Fault.

zone, while the normal component of the stress regime
produces thrust faults and folds that strike almost parallel
to the main direction of the fault zone (Namson and Davis,
1988). Preexisting folds and reverse faults also play a role in
strain partition by reactivating in the final transpressional
stress regime. The transpressional stress regime at the
southwest end of the segment is similar to the paleostress
result of the Yılmaz et al. (2006).
Seismicity in a region is benefit for reflecting the recent
stress state and tectonic regime. Sivrice (Elazığ)-Doğanyol

(Malatya) earthquake (Mw: 6.8 [AFAD]) on January 24,
2020, occurring at the northeast end of the Euphrates river
displacement shows that the central part of the EAFZ has
been tectonic activity. These mainshock and aftershocks
on the Pütürge segment are very important for comparing
the recent stress states with our paleostress results
obtained from the fault slip data, and also seismotectonic
interpretation. Before this destructive earthquake,
medium-sized earthquakes on the segment showed the
activity of the EAFZ. Focal mechanism solutions of these
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earthquakes demonstrate the sinistral behavior of the
EAFZ, clearly. The recent stress states on the fault segment
calculated by using the focal solution mechanisms (from
AFAD) after the Sivrice-Doğanyol earthquake showed that
the maximum horizontal compressive stress (SHmax) was
N020°, the stress ratio (R) was 0.58, and the stress index
(Rʹ) was 1.42 (Akgün, 2021). This calculation, which
indicates that the recent tectonic regime of the region is
a strike-slip tectonic regime developed under NNE-SSW
trending compressional stress, is compatible with the
stress state of the last deformation phase. The World Stress
Map (Heidhbach, 2016) obtained from the earthquake
focal mechanism shows the recent stress states and that the
different character displays the northern and southern end
of the Pütürge segment (Figure 15).
Based on the graphical correlation, Barka (1983)
suggested that an earthquake with a magnitude of M: 7.6
might occur for this area where the seismic risk potential
is high. The fact that the Sivrice-Doğanyol earthquake
(M: 6.8) was not of the predicted magnitude can explain
that the entire segment was not broken. The seismic
activities that developed towards the southwest after this
earthquake showed a more scattered distribution than
the main earthquake epicenter. This seismic distribution
indicates that the Şiro valley is not linear and is bounded
by secondary faults parallel to the main fault zone.
Furthermore, earthquakes with a large or medium
earthquake moment magnitude (Mw > 6.0) transfer
stresses upon other faults located near to the mainshock
(Stein, 1999), thus changing recurrence intervals by
modifying times (advancing or delaying) to failure (Melgar
et al., 2020). Destructive earthquakes in Malatya 1893 (M:
7.1) and Malatya 1905 (M: 6.8) are good examples of this
situation. Based on the damage distribution of the epicenter
of the 1905 Malatya (M: 6.8) earthquake, it is thought that
it might have occurred at the western end of the Pütürge
segment, east of Çelikhan (Ambraseys, 1988). Moreover, it
was reported that the 1893 (Ms: 7.1) earthquake occurred
on the northeast end Erkenek segment, west of Çelikhan
(Adıyaman) (Ambraseys, 1988; Ambraseys and Jackson,
1998). Therefore, the Sivrice-Doğanyol earthquake may
transfer stress to the adjacent segments and the thrust belt
in the south. Sivrice-Doğanyol earthquake may cause stress
accumulation between Sincik and Çelikhan according
to the segmentation in the study area. The directional
changes of the segment and transpressive feature around

Çelikhan and Sincik suggests that the southwestern end of
the study area may be a seismically risky area.
6. Conclusions
The main conclusions were obtained in this study are:
· Paleostress analysis, performed in the area
between Doğanyol (Malatya) and Çelikhan (Adıyaman),
indicated three different deformation phases based on the
convergence between Arabian and Eurasian plates.
· The compressional regime with NW-SE trending
compression stress became efficient from the Late Eocene
(oldest phase) turned into approximately N-S trending
compression stress from the end of the Middle Miocene
(second phase).
· The last deformation phase (from Late Pliocene to
recent), in which EAFZ was developed, was described by a
strike-slip regime with NNE-SSW trending compressional
stress due to the change of the stress states.
· While the northeast end of the central part of the
EAFZ exhibited a pure strike-slip tectonic regime, the
southwest end showed a transpressive tectonic regime.
· Reactivating the Sürgü fault, the thrust zone, and
the folds with the effect of the transpressive regime at the
southwestern end of the segment played a role in stress
partitioning.
· Morphological indicators (pressure ridges, offsets
of the stream channel, linear valleys etc.) of the segment
along the central part of the EAFZ indicate that the fault
was highly tectonically active.
· The distribution and focal solutions of the seismic
activity that developed during and after the SivriceDoğanyol earthquake are compatible with the geometry of
the segment and paleostress analysis.
· Morphotectonic and kinematic investigations
performed on the segment in fault zones are worthwhile
in understanding and interpreting the seismotectonic
behavior of the fault.
Acknowledgements
Research for this paper was supported by OYP research
foundation. We would like to thank Batuhan Selvi for
proofreading earlier versions of the text. The authors
also thank the editor and anonymous reviewers for their
valuable comments and suggestions, which improved the
quality of the manuscript.

References
AFAD (2021). Recent Earthquakes in Turkey [online]. Website
https://deprem.afad.gov.tr/faycozumleri

944

Akgün E (2021). Determination of recent stress states from the
Sivrice-Doğanyol earthquake and the post-seismic activities.
In: 2nd International Mathematic, Architecture and
Engineering Conference (IMAEC).

AKGÜN and İNCEÖZ / Turkish J Earth Sci
Aksoy E, İnceöz M, Koçyiğit A (2007). Lake Hazar Basin: A negative
flower structure on the East Anatolian Fault System (EAFS),
SE Turkey. Turkish Journal of Earth Science 16 (3): 319-338.
Ambraseys NN (1971). Value of historical records. Nature 232.
Ambraseys NN (1988). Engineering Seismology. Mallet-Milne
Lecture, Special Issue, Earthquake Engineering Structural
Dynamics 17: 1-106.
Ambraseys NN (1989). Temporary seismic quiescence: SE Turkey.
Geophysical Journal International 96 (2): 311-331. doi:
10.1111/j.1365-246X.1989.tb04453.x
Ambraseys NN, Finkel C (1995). The seismicity of Turkey earthquake
of 19 December 1977 and the seismicity of the adjacent areas
1500-1800. Eren Yayıncılık ve Kitapçılık, İstanbul.
Ambraseys NN, Jackson JA (1998). Faulting associated with
historical and recent earthquakes in the Eastern Mediterranean
region. Geophysical Journal International 133 (2): 390-406.
doi: 10.1046/j.1365-246X.1998.00508.x
Anderson EM (1905). The dynamics of faulting. Trans-actions of the
Edinburgh Geological Society 8 (3): 387-402.
Anderson EM (1951). The dynamics of faulting and dike formation
with application to Britain. Oliver and Boyd, 2nd ed.,
Edinburgh, 206.
Angelier J (1984). Tectonic analysis of the slip data sets. Journal
of Geophysical Research 89 (B7): 5835-5848. doi: 10.1029/
JB089iB07p05835
Angelier J (1990). Inversion of field data in fault tectonics to obtain
the regional stress: A new rapid direct inversion method by
analytical means. Geophysical Journal International 103 (2):
363-376. doi: 10.1111/j.1365-246X.1990.tb01777.x
Angelier J, Hancock PL (editors) (1994). Fault slip analysis and
palaeostress reconstruction. Pergamon Press, Oxford, 53-100.

Bulut F, Bohnhoff M, Eken T, Janssen C, Kılıç T et al. (2012). The
East Anatolian Fault Zone: seismotectonic setting and
spatiotemporal characteristics of seismicity based on precise
earthquake locations. Journal of Geophysical Research 117
(B7): 1-16. doi: 10.1029/2011JB008966
Delvaux D (2011). Win-Tensor, an interactive computer program
for fracture analysis and crustal stress reconstruction. EGU
General Assembly, Gophysical Research Abstracts, 13, Vienna.
Delvaux D, Moeys R, Stapel G, Petit C, Levi K et al. (1997). Paleostress
reconstructions and geodynamics of the Baikal region, Central
Asia, Part 2. Cenozoic rifting. Tectonophysics 282 (1-4): 1-38.
Delvaux D, Sperner B (2003). New aspects of tectonic stress inversion
with reference to the TENSOR program. Geological Society
London, Special Publications 212 (1): 75-100.
Dercourt J, Zonenshain LP, Ricou LE, Kazmin UG, Le Pichon X et al.
(1986). Geological evolution of the Tethys belt from the Atlantic
to the Pamirs since the Lias. Tectonophysiscs 123: 241-315.
Duman TY, Emre Ö (2013). The East Anatolian Fault: geometry,
segmentation and jog characteristics. Geological Society
London, Special Publications 372: 459-529.
Faccenna C, Bellier O, Martinod J, Piromallo C, Regard V (2006). Slab
detachment beneath eastern Anatolia: A possible cause for the
formation of the North Anatolian fault. Earth and Planetary
Science Letters 242 (1-2): 85-97. doi: 10.1016/j.epsl.2005.11.046
Faccenna C, Piromallo C, Crespo-Blanc A, Jolivet L, Rossetti F (2004).
Lateral slab deformation and the origin of the arcs of the western
Mediterranean. Tectonics 23: 1-21. doi: 10.1029/2002TC001488
GMRT (2021). Global Multi-Resolution Topography Data Synthesis
[online]. Website https://www.gmrt.org/

Arpat E, Şaroğlu F (1972). Doğu Anadolu fayı ile ilgili bazı gözlemler
ve düşünceler. Maden Tetkik ve Arama Dergisi 78: 44-50 (in
Turkish).

Göğüş OH, Pysklywec RN, Corbi F, Faccenna C (2011). The surface
tectonics of mantle lithosphere delamination following ocean
lithosphere subduction: Insights from physical-scaled analogue
experiments. Geochemistry, Geophysics, Geosystems 12 (5):120. doi: 10.1029/2010GC003430

Arpat E, Şaroğlu F (1975). Türkiye’de Bazı Önemli Genç Tektonik
Olaylar. Türkiye Jeoloji Kurumu Bülteni 18: 91-101 (in
Turkish).

Heidbach O, Custodio S, Kingdon A, Mariucci MT, Montone, P et al.
(2016). Stress Map of the Mediterranean and Central Europe
2016. GFZ Data Services.

Barka AA (1983). Büyük magnitüdlü depremlerin episantr alanlarını
önceden belirleyebilecek bazı jeolojik veriler. Türkiye Jeoloji
Kurumu Bülteni 26: 21-30 (in Turkish).

Herece E (2008). Atlas of East Anatolian Fault. General Directorate of
Mineral Research and Exploration, Special Publication Series
13.

Barka AA, Kadinsky-Cade K (1988). Strike-slip fault geometry in
Turkey and influence on earthquake activity. Tectonics 7 (3):
663-684. doi: 10.1029/TC007i003p00663

Herece E, Akay E (1992). Karlıova-Çelikhan arasında Doğu Anadolu
fayı. Türkiye 9. Petrol Kongresi, Ankara, Turkey. pp.361-372.

Biryol CB, Beck SL, Zandt G, Özacar AA (2011). Segmented
African lithosphere beneath the Anatolian region inferred
from teleseismic P-wave tomography. Geophysical Journal
International 184 (3): 1037-1057. doi: 10.1111/j.1365
246X.2010.04910.x
Bott MHP (1959). The mechanics of oblique slip faulting. Geological
Magazine 96 (2): 109-117. doi: 10.1017/S0016756800059987
Bozkurt E (2001). Neotectonics of Turkey – a synthesis. Geodinamica
Acta 14: 3-30. doi: 10.1080/09853111.2001.11432432

Hu JC, Angelier J (2004). Stress permutations: Three-dimensional
distinct element analysis accounts for a common phenomenon
in brittle tectonics. Journal of Geophysical Research 109
(B09403): 1-20. doi: 10.1029/2003JB002616
Isacks B, Oliver J, Sykes LR (1968). Seismology and the new global
tectonics. Journal of Geophysical Research 73: 5855-5899.
Jackson JA, McKenzie D (1984). Active tectonic of the AlpineHimalayan belt between western Turkey and Pakistan.
Geophysical Journal International 77 (1): 185-264. doi:
10.1111/j.1365-246X.1984.tb01931.x

945

AKGÜN and İNCEÖZ / Turkish J Earth Sci
Jackson JA, McKenzie D (1988). The relationship between plate
motions an seismic moment tensors, and the ratesof active
deformationsin the Mediterranean and Middle East. Elif
AKGÜN and İNCEÖZ / Turkish J Earth Sci 1 Geophysical
Journal International 93: 185-264.
Jarvis A, Reuter HI, Nelson A, Guevara E (2008). Hole-filled seamless
SRTM data V4, International Centre for Tropical Agriculture
(CIAT), available from http://srtm.csi.cgiar.org.
Jolivet L, Facenna C, Huet B, Labrousse L, Le Pourhiet L et al.
(2013). Aegean tectonics: Strain localisation, slab tearing
and trench retreat. Tectonophysics 597: 1-33. doi: 10.1016/j.
tecto.2012.06.011
Jolivet L, Brun JP (2010). Cenozoic geodynamic evolution of the
Aegean. International Journal Earth Science (Geol Rundsch.)
99 (1): 109-138. doi: 10.1007/s00531-008-0366-4
Kaymakçı N, İnceöz M, Ertepinar P, Koç A (2010). Late Cretaceous to
recent kinematics of SE Anatolia (Turkey). Geological Society
London, Special Issue 340: 409-435. doi: 10.1144/SP340.18
Keller EA, Pinter N (2002). Active Tectonics, Earthquakes, uplift and
landscape. Prentice-Hall, New Jersey. pp.338.
Khalifa A, Çakır Z, Owen LA, Kaya Ş (2018). Morphotectonic
analysis of the East Anatolian Fault, Turkey. Turkish Journal of
Earth Sciences 27 (2): 110-126. doi: 10.3906/yer-1707-16
Kim YS, Peacock DCP, Sanderson DJ (2004). Fault damage zones.
Journal of Structural Geology 26 (3): 503-517. doi: 10.1016/j.
jsg.2003.08.002
Köküm M, İnceöz M (2018). Structural analysis of the northern
part of the East Anatolian Fault System. Journal of Structural
Geology 114: 55-63. doi: 10.1016/j.jsg.2018.06.016
Kürçer A, Elmacı H, Yıldırım N, Özalp S, Domaç-Yalçın H (2020).
24 Ocak 2020 Sivrice (Elazığ) Depremi (Mw: 6.8-6.5) saha
gözlemleri ve değerlendirme, Doğu Anadolu Fay Zonu,
Türkiye. ATAG (Aktif Tektonik Araştırma Grubu) 2020 Özel
Toplantısı Bildiri Özleri (in Turkish).
Le Pichon X, Gaulier JM (1988). The rotation of Arabia and the
Levant fault system. Tectonophysiscs 153 (1-4): 271-294. doi:
10.1016/0040-1951(88)90020-0
Le Pichon X, Kreemer C (2010). Kinematic Evolution of the Eastern
Mediterranean and Middle East and Its Implications for
Dynamics. Annual Review of Earth and Planetary Sciences 38:
323-351. doi: 10.1146/annurev-earth-040809-152419
Livermore RA, Smith AG (1983). Relative motion of Africa and
Europe in vicinity of Turkey. The International Symposium on
the Geology of the Taurus Belt, Ankara, Turkey.
Lyberis N, Tekin Y, Chorowicz J, Kasapoğlu E, Gündoğdu N
(1992). The East Anatolian Fault: an oblique collisional
belt. Tectonophysics 204 (1-2): 1-15. doi: 10.1016/00401951(92)90265-8
McClusky S, Balassanian S, Barka A, Demir C, Ergintav S et al.
(2000). Global Positioning System constraints on plate
kinematics and dynamics in the eastern Mediterranean and
Caucasus. Journal of Geophysical Research 105 (B3): 5695-5719.
doi: 10.1029/1996JB900351

946

McKenzie DP (1969). Speculations on the consequences and causes of
plate motions. Geophysical Journal of the Royal Astronomical
Society 18 (1): 1-32. doi: 10.1029/1999JB900351
McKenzie DP (1972). Active tectonics of the Mediterranean region.
Geophysical Journal of the Royal Astronomical Society 30 (2):
109-185. doi: 10.1111/j.1365-246X.1972.tb02351.x
McKenzie DP (1976). The East Anatolian fault: A major structure in
eastern Turkey. Earth and Planetary Science Letter 29 (1): 189193. doi: 10.1016/0012-821X(76)90038-8
Melgar D, Ganas A, Taymaz T, Valkaniotis S, Crowell BW et al. (2020).
Rupture kinematics of January 24, 2020 Mw 6.7 DoğanyolSivrice, Turkey Earthquake on the East Anatolian Fault Zone
imaged by space geodesy. Geophysical Journal International 223
(2): 862-874. doi: 10.31223/osf.io/xzg9c
Muehlberger RW, Gordon MB (1987). Observations on the
complexity of the East Anatolian Fault, Turkey. Journal
of Structural Geology 9 (7): 899-903. doi: 10.1016/01918141(87)90091-5
Mutlu AK, Karabulut H (2011). Anisotropic Pn tomography of
Turkey and adjacent regions. Geophysical Journal International
187 (3): 1743-1758. doi: 10.1111/j.1365-246X.2011.05235.x
Nalbant SS, McClusky J, Steacy S, Barka A (2002). Stress
accumulation and increased seismic risk in eastern Turkey.
Earth and Planetary Science Letter 195 (3-4): 291-298. doi:
10.1016/S0012-821X(01)00592-1
Namson JS, Davis TL (1988). Seismically active fold and thrust
belt in the San Joaquin Valley, central California. Geological
Society of America Bulletin 100:257-273.
Nocquet JM (2012). Present-day kinematics of the Mediterranean:
A comprehensive overview of GPS results. Tectonophysics 579
(B10): 220-242. doi: 10.1016/j.tecto.2012.03.037
Özdemir MA, İnceöz M (2003). Doğu Anadolu Fay Zonunda
ötelenmelerin tektonik verilerle karşılaştırılması. Afyon
Kocatepe Üniversitesi Sosyal Bilimler Dergisi 5 (1): 89-114 (in
Turkish).
Palutoğlu M, Şaşmaz A (2017). 29 November 1795 Kahramanmaraş
Earhquake, South Turkey. Maden Tetkik ve Arama Dergisi 155:
187-202. doi: 10.19111/bulletinofmre.314211
Perinçek D (1978). Çelikhan-Sincik-Koçali (Adıyaman) alanının
jeolojik incelemesi ve petrol olanaklarının araştırılması. PhD,
İstanbul University, İstanbul, Turkey (in Turkish).
Perinçek D (1979). Geological investigation of the Çelikhan- SincikKoçali area (Adıyaman province). İstanbul Üniversitesi Fen
Fakültesi Dergisi B44: 127-147 (in Turkish).
Piromallo C, Morelli A (2003). P wave tomography of the
mantle under the Alpine-Mediterranean area. Journal of
Geophysical Research-Solid Earth 108 (B2): 2065. doi:
10.1029/2002JB001757
Reuter HI, Nelson A, Jarvis A (2007). An evaluation of void filling
interpolation methods for SRTM data. International Journal
of Geographic Information Science 21 (9): 983-1008. doi:
10.1080/13658810601169899

AKGÜN and İNCEÖZ / Turkish J Earth Sci
Saber R, Işık V, Çağlayan A (2021). Structural styles of the Aras
fault zone with implications for a transpressive fault system in
NW Iran. Journal of Asian Earth Science 207 (5): 1-21. doi:
10.1016/j.jseaes.2020.104655
Simpson RW (1997). Quantifying Anderson’s fault types. Journal of
Geophysical Research 102 (8): 909-919. doi: 10.1029/97JB01274
Stein RS (1999). The role of stress transfer in earthquake occurrence.
Nature 402: 605-609. doi: 10.1038/45144
Şaroğlu F, Emre O, Kuşçu I (1992). The East Anatolian fault zone of
Turkey. Annales Tectonicae 6: 99-125.
Şengör AMC (1980). Türkiye’nin neotektoniğinin esasları (Principles
of the Neotectonism of Turkey). Türkiye Jeoloji Kurumu
Konferans Serisi 2, Ankara, Turkey.
Şengör AMC, Yılmaz Y (1981). Tethyan evolution of Turkey; A plate
tectonic approach. Tectonophysics 75: 181-241.
Şengör AMC, Görür N, Şaroğlu F (1985). Strike slip faulting and
related basin formation in zones of tectonic escape; Turkey
as a case study. Society of Economic Paleontologists and
Mineralogists Special Publication 37: 227-264.
Tan A, Eyidoğan H (2019). The kinematics of the East Anatolian
Fault Zone, Eastern Turkey and Seismotectonic implications.
International Journal of Engineering and Applied Sciences 11
(4): 494-506. doi: 10.24107/ijeas.649330

Tan O, Tapırdamaz MC, Yörük A (2008). The eathquake catalogues
for Turkey. Turkish Journal of Earth Science 17, 405-418.
Tatar O, Sözbilir H, Koçbulut F, Bozkurt E, Aksoy E et al. (2020).
Surface deformations of 24 January 2020 Sivrice (Elazığ)Doğanyol (Malatya) earthquake (Mw = 6.8) along the Pütürge
segment of the East Anatolian Fault Zone and its comparison
with Turkey’s 100- year-surface rupture. Mediterranean
Geoscience Rewievs 2 (3): 385-410. doi: 10.1007/s42990-02000037-2
Taymaz T, Eyidogan H, Jackson J (1991). Source parameters of
large earthquakes in the East Anatolian Fault Zone (Turkey).
Geophysical Journal International 106 (3): 537-550. doi:
10.1111/j.1365-246X.1991.tb06328.x
Wallace RE (1951). Geometry of shearing stress and relation to
faulting. Journal of Geology 59 (2): 118. doi: 10.1086/625831
Woodcock NH (1986). The role of strike-slip fault systems at plate
boundaries. Philosophical Transactions of the Royal Society of
London 317 (1539): 13-29.
Yılmaz H, Över S, Özden S (2006). Kinematics of The East Anatolian
Fault Zone Between Turkoglu (Kahramanmaras) and Celikhan
(Adiyaman), Eastern Turkey. Earth Planets Space 58: 14631473.
Yiğitbaş E, Yılmaz Y (1996). New evidence and solution to the Maden
complex controversy of the Southeast Anatolian orogenic belt
(Turkey). Geologische Rundschau Journal 85 (2): 250-263.

947

